Abstract We investigated social disparities in breast cancer (BC) mortality, leveraging data from the California Breast Cancer Survivorship Consortium. The associations of race/ethnicity, education, and neighborhood SES (nSES) with all-cause and BC-specific mortality were assessed among 9372 women with BC (diagnosed 1993-2007 in California with follow-up through 2010) from four racial/ ethnic groups [African American, Asian American, Latina, and non-Latina (NL) White] using Cox proportional hazards models. Compared to NL White women with higheducation/high-nSES, higher all-cause mortality was observed among NL White women with high-education/ low-nSES [hazard ratio (HR) (95 % confidence interval) 1.24 (1.08-1.43)], and African American women with lownSES, regardless of education [high education HR 1.24 (1.03-1.49); low-education HR 1.19 (0.99-1.44)]. Latina women with low-education/high-nSES had lower all-cause mortality ] and non-significant lower mortality was observed for Asian American women, regardless of their education and nSES. Similar patterns were seen for BC-specific mortality. Individual-and neighborhood-level measures of SES interact with race/ ethnicity to impact mortality after BC diagnosis. Considering the joint impacts of these social factors may offer insights to understanding inequalities by multiple social determinants of health.
Introduction
Racial/ethnic and socioeconomic disparities in mortality after breast cancer (BC) diagnosis are persistent in the United States (U.S.). These disparities remain even after Electronic supplementary material The online version of this article (doi:10.1007/s10900-015-0052-y) contains supplementary material, which is available to authorized users. accounting for differences in important prognostic factors including clinical factors (e.g., tumor characteristics, treatment), personal risk factors (e.g., reproductive factors and lifestyle behaviors), sociodemographic characteristics, and health care access [1] [2] [3] . Race/ethnicity and socioeconomic status (SES) are highly correlated; however, their complex relations with mortality after BC have been difficult to disentangle given that prior studies have used different individual measures (e.g., education, income) and neighborhood levels (e.g., census block, block group, tract, zip code, county) to represent SES [4, 5] . While some studies have evaluated both individual SES and neighborhood SES (nSES) measures [6] [7] [8] [9] [10] [11] , only one has included diverse racial/ethnic populations [12] .
Measuring SES at multiple levels is important because individual-level SES (e.g., education, income, wealth) may influence survival through material and social resources, including access to and quality of health care, and lifestyle risk factors [13, 14] , whereas nSES may influence survival through features of the physical (e.g., goods, services, pollutants) and social (e.g., cohesion, collective efficacy, support, stress, coping) environment [7, 15, 16] . A few studies of BC and other health outcomes suggest that the type and level of SES measure can contribute differentially to health, and that these effects may further differ by race/ ethnicity [12, [17] [18] [19] . This work supports an emerging perspective for evaluating social inequalities, known as the ''intersectional approach'' [19] , which emphasizes the interactions among multiple social determinants of health and the analytic approach to consider their joint effects. Such studies, however, require large numbers of population subgroups [1, 20, 21] .
We aimed to assess the joint associations of race/ethnicity, education, and nSES with all-cause and BC-specific mortality, leveraging data from the large and diverse cohort of women with BC assembled in the California Breast Cancer Survivorship Consortium (CBCSC) [2] .
Methods Study Population
This analysis included five studies from the CBCSC, which was established in 2011 to better understand racial/ethnic disparities in survival among women with BC, who were diagnosed from 1993 through 2007 [2] . The studies included three case-control studies [Asian American Breast Cancer Study (AABCS), the Women's Contraceptive and Reproductive Experiences Study (CARE), the San Francisco Bay Area Breast Cancer Study (SFBCS)], and two prospective cohort studies [the California Teachers' Study (CTS), the Multiethnic Cohort (MEC)]. For the three case-control studies, the mean (standard deviation) years from diagnosis to data collection were 1.6 (0.8) years for AABCS, 0.4 (0.3) years for CARE, and 1.4 (0.6) years for SFBCS. In brief, interview data on prognostic factors were harmonized across the five studies and merged with California Cancer Registry (CCR) data on clinical and tumor characteristics, treatment, vital status, hospital characteristics, and nSES. The protocols for the CBCSC study were approved by the institutional review boards (IRBs) at all participating institutions and the California state IRB (Committee for the Protection of Human Subjects).
A total of 10,521 women with BC were potentially eligible for analysis. We further excluded, in sequence, women with in situ BC (n = 22), women with cancers diagnosed before their invasive BC (n = 779), and women with\30 days of follow-up (n = 19). Finally, we excluded 63 women of races/ethnicities other than non-Latina (NL) White, Latina, African American, and Asian American, and 266 with missing education or nSES, yielding a final study population of 9372 women with BC.
Analytic Variables
CCR data included age and year at diagnosis, American Joint Committee on Cancer (AJCC) stage, histology, grade, tumor size, nodal status, estrogen receptor (ER) and progesterone receptor (PR) status, first course of treatment (surgery, radiation, chemotherapy), subsequent tumors (including time between diagnoses), CCR region, and marital status. CCR data were used to create an indicator of hospital-level SES using percent of cancer cases in the highest nSES quintile based on the distribution of nSES (defined below) among registry cases diagnosed from 1993 through 2007. For each hospital, percent of cases residing in high SES neighborhoods (quintile 5) at the time of diagnosis was calculated and then categorized into statewide quintiles.
Geocoding of case addresses at the time of diagnosis was centralized at the CCR using commercial geocoding vendors. Cases' addresses were assigned latitude and longitude coordinates and then assigned to a U.S. Census block group and merged with a block group-level SES measure (see detailed description below). We included 97.5 % of the cases with complete addresses or zip codes (zip code plus four digit format) that were accurately matched to unique, valid census block groups. For cases diagnosed prior to 1996, 1990 U.S. Census block group and nSES were assigned. For cases diagnosed from 1996 through 2007, 2000 U.S. Census block groups and nSES were assigned. Of the 8225 unique census block groups that were included in our study, 74 % of the block groups had only one case and 92 % had two or fewer cases.
Questionnaire data were collected via in-person interviews (in case-control studies) or self-administered mail surveys (in cohort studies) using structured questionnaires administered in English, Spanish, Tagalog and/or Chinese (Mandarin and Cantonese). Questionnaire data were harmonized according to common definitions for the following variables: number of full-term pregnancies (0, 1, 2, 3, C4), smoking status (never, past, current), alcoholic drinks per week (0, B2, [2), pre-diagnosis body mass index (BMI) (\25, 25-29.9, C30 kg/m 2 ), and personal history of high blood pressure or diabetes [2, 22] . Race/ethnicity was classified (NL White, African American, Latina, Asian American) according to self-report on the study surveys.
As one dimension of individual-level SES, we used selfreported education, categorized into four levels: less than high school, high school degree or equivalent, vocational/ technical degree or some college, college degree or graduate school. No other individual-level SES indicators were available in the CBCSC.
For nSES, we used a composite SES measure created by principal component analysis of Census 1990 or 2000 SES indicator variables at the block group-level that includes an education index (among individuals age C25 years: proportion with college, high school, or less than high school weighted by 16, 12 or 9, respectively) [23] , proportion with a blue collar job, proportion older than age 16 years without a job, median household income, proportion below 200 % of the poverty line, median rent, and median house value [24] . We were interested in a general indicator of SES for neighborhoods, rather than specific components of SES such as education or poverty, which may have different effects on health outcomes across the diverse population and geographic subgroups in California [17, 25] . This composite nSES index has shown consistent associations with a variety of cancer outcomes and also enables us to compare our results to those of other studies that have used the same index [12, [26] [27] [28] [29] [30] [31] [32] . We categorized this nSES index into quintiles based on the statewide distribution.
To implement the intersectional approach, we accounted for race/ethnicity, individual-and neighborhood-level SES in a single, combination variable using binary indicators for education and nSES. Low education was defined as having a high school degree or less, and high education as having at least a vocational/technical degree after high school or some college education; low nSES included quintiles 1-3 and high nSES, quintiles 4-5. These binary cut-points were selected to achieve balanced samples.
The CCR obtains vital status and underlying cause of death through hospital follow-up and linkages to vital statistics, death records, and other databases. BC deaths were identified from the underlying cause of death listed on the death certificate [International Classification of Diseases (ICD)-9 or ICD-10 codes 174-175 and C50, respectively] [33, 34] . Follow-up time was defined as the time from date of diagnosis to study end date (December 31, 2010), last known contact, or death, whichever came first. We had a median follow-up time of 9.4 years (interquartile range 6.3-12.5 years).
Analysis
To assess the joint association of race/ethnicity, education, and nSES with mortality, we fitted Cox proportional hazards multiple regression models, with cluster adjustment for block groups, to compute hazard rate ratios (HR) of dying from any cause or from BC. The sandwich estimator of the covariance structure, applied to Cox proportional hazards regression models, was utilized to account for the intracluster dependence and yields robust standard error estimates even under model misspecification [35] . All Cox models used attained age (in days) as the time scale, and were stratified on stage and study to allow the baseline hazards within each model to vary by stage and study. Women in the case-control studies (AABCS, CARE, SFBCS) survived after diagnosis until the time of interview; thus, their follow-up was left censored since women who died or were lost to follow-up before data collection by the parent study were not included in this study. The assumption of proportional hazards was checked by including interaction terms with time and assessing their significance using likelihood ratio tests, and confirming proportionality for each of the covariates included in the models. Analyses were conducted using SAS (version 9.3, Cary, NC). We also tested for spatial autocorrelation using Moran's I, and found no evidence of this correlation.
First, we assessed associations between our race/ethnicity, education and nSES variables and mortality in base models that were adjusted for age at diagnosis, year of diagnosis, CCR region, tumor characteristics (histology, grade, ER/PR status, nodal involvement, tumor size), and subsequent tumors. Next, models were further adjusted sequentially for various sets of prognostic factors-treatment including chemotherapy, radiation and surgery (model 1); parity, marital status, smoking status, alcohol intake, BMI (model 2); comorbidities including hypertension and diabetes (model 3); and hospital SES (model 4).
Results
Personal and social characteristics of the 9372 women with BC included in the analysis are presented in Table 1 . Relative to other racial/ethnic groups, NL White women were more likely to be past smokers or drink more than two servings of alcohol per week. African American women were more likely than other groups to be divorced or separated, current smokers, or obese. Latina women were more likely than other groups to have four or more children, or be overweight. Asian American women were more likely than other groups to be married, never smokers, nondrinkers, or normal/underweight. Clinical and tumor characteristics for the sample are presented in Table 2 . Relative to the other racial/ethnic groups, NL White women were more likely to be older at diagnosis, have tumors that were\1 cm, stage 1, grade I or lobular, and treated with radiation and lumpectomy. African American women were more likely than other groups to be seen in a low-SES hospital and have higher grade or ER-/PR-tumors. Latina women were more likely than other groups to be seen in a high-SES hospital and treated with chemotherapy. Asian American women were more likely than other groups to be younger at diagnosis, seen in a low-SES hospital, have a mastectomy, and were less likely to have radiation treatment.
Education and nSES distributions varied by race/ethnicity (Tables 1, 3 ). Among NL White women, 80 % had a college degree and 70 % lived in high SES (quintiles 4 and 5) neighborhoods, compared to 24 and 25 %, respectively, among African American women; 16 and 45 %, respectively, among Latina women; and 57 and 53 %, respectively, among Asian American women (Table 1) . Table 3 shows the distributions of education by nSES for each racial/ethnic group. While individual-level education and nSES are correlated in all racial/ ethnic groups, the extent of correlation differed substantially across the groups, with similar degrees of correlation among Latina and Asian American women, but more clustering in the higher SES neighborhoods regardless of education among NL White women, and more clustering in the lower SES neighborhoods regardless of education among African American women. Notably, African American women with some college/ technical school, high school, and less than high school education had relatively small differences in terms of their nSES. Table 4 shows the hazard ratios for the three-way combination variables between race/ethnicity, education, and nSES. For all-cause mortality, compared to NL White women with high education/high-nSES, the following groups had higher mortality in the base models: NL White women with low-nSES, regardless of education (high-education HR 1.34, 95 % CI 1.16-1.54; low-education HR 1.38, 95 % CI 1.06-1.79), African American women with low-nSES, regardless of education (high-education HR 1.56, 95 % CI 1.32-1.85; low-education HR 1.56, 95 % CI 1.31-1.86), and African American women with low-education/high-nSES (HR 1.48, 95 % CI 1.04-2.09). Only one group had statistically significant lower mortality compared to NL White women with high-education/high-nSES: Latina women with low-education/high-nSES (HR 0.75, 95 % CI 0.58-0.95). After adjusting for treatment, individual-level risk factors, comorbidities and hospital SES, associations for NL White women with low-education/lownSES and African American women with low-education/ high-nSES were no longer observed (see model 2 in Table 4 which shows associations were not observed after adjusting for individual-level factors). Among African American women with low-education/low-nSES, only a marginal association remained after adjustment for hospital SES. In the fully adjusted models, compared to NL White women with high-education/high-nSES, NL White and African American women with high-education/low-nSES had slightly attenuated associations of higher mortality (HR 1.24, 95 % CI 1.08-1.43 and HR 1.24, 95 % CI 1.03-1.49, respectively), while Latina women with loweducation/high-nSES had a stronger association of lower mortality (HR 0.70, 95 % CI 0.54-0.90). Lower mortality was observed for Asian American women, regardless of their education and nSES; however, none of the estimates were statistically significant.
We observed similar patterns for BC-specific mortality. Compared to NL White women with high-education/highnSES, nearly all groups of African American women (except for those with high-education/high-nSES) had higher BC mortality in base models; Latina women with loweducation/high-nSES (HR 0.62, 95 % CI 0.44-0.89) had lower BC mortality; and no statistically significant associations were observed for Asian American women. For African American women with low-education/lownSES, the association was no longer observed in the fully adjusted model (see model 3 in Table 4 which shows the association was not observed after adjusting for comorbidities). Compared to NL White women with high-education/high-nSES, African American women with higheducation/low-nSES and African American women with low-education/high-nSES had slightly attenuated associations of higher mortality (HR 1.37, 95 % CI 1.07-1.75 and HR 1.55, 95 % CI 1.01-2.37, respectively), and Latina women with low-education/high-nSES had a slightly attenuated association of lower mortality (HR 0.68, 95 % CI 0.47-0.98) in fully adjusted models. 
Discussion
With data on 9372 BC cases, we documented disparities in all-cause and BC-specific mortality accounting for the complex interplay between race/ethnicity, education, and nSES. To our knowledge, no prior study has examined these associations with mortality after BC diagnosis in such a large, diverse group of women with BC. When simultaneously measuring multiple levels of SES (education, nSES), and race/ethnicity within a single social status variable, we found that disparities existed within and across racial/ethnic groups. One strength of this approach, rather than the stratified approaches, is that comparisons can be made across racial/ethnic and SES groups. We also observed that prognostic factors explained some of the observed disparities in race/ethnicity and SES; however, after adjusting for the full set of prognostic factors, we continued to observe disparities in mortality by race/ethnicity and SES. For all-cause mortality, compared with NL White women with high education and high nSES, NL White and African American women with high education and low nSES had higher mortality, while Latina women with low education and high nSES was the only group to have lower mortality. Education levels collapsed as low education (Bhigh school) and high education (college?); nSES levels collapsed as low nSES (Q1-Q3) and high nSES (Q4-Q5)
Our findings in NL White and African American women for all-cause mortality and in African American women for BC-specific mortality are consistent with prior studies that found higher mortality among women residing in lower SES neighborhoods [9-11, 13, 14] . Furthermore, we observed mortality disparities among groups discordant on their individual-and neighborhood-level SES: NL White and African American women of high education in low SES neighborhoods for all-cause mortality, and African American women of high education in low SES neighborhoods for BC mortality. It has been suggested that discordant individual-and neighborhood-level SES measures may result in worse health through relative deprivation (i.e., those with low education having fewer resources to navigate their high SES neighborhoods which may include higher living costs) or relative standing (i.e., those with low education may have fewer social resources, higher stress, and different coping mechanisms compared to their counterparts in high SES neighborhoods) [36] .
In contrast, Latina women with low education in high SES neighborhoods had lower mortality than NL White women with high education and high nSES for both allcause and BC-specific mortality and reduced mortality did not disappear with adjustment for other prognostic factors. To our knowledge this finding has not been reported previously and was unexpected and warrants confirmation. In our study, the proportion of women who were lost to follow-up differed somewhat across racial/ethnic groups. However, this is unlikely to explain the lower mortality among Latina women as the percentages of women whose date of last follow-up was more than 2 years ago were 1.2 % among NL White women, 2.5 % among African American women, 3.0 % among Latina women, and 4.1 % among Asian American women.
While we did not observe statistically significant associations for Asian American women in our study, prior work has shown significant associations with heterogeneous associations across specific Asian American subgroups [27, 37] . Aggregating Asian American women into a single group may mask these associations.
Applying the intersectional approach, to jointly examine the impact of race/ethnicity, education and nSES, yielded more informative results than the traditional race/ethnicitystratified approach that assesses independent effects of these SES factors (see Supplemental Table 1 ). With stratified analyses, we observed no associations for education and mortality after BC diagnosis, and we observed opposite nSES associations for White and African American women.
Studies that have examined the impact of both individual-and neighborhood-level SES on BC survival have found only nSES [8, 9] , only individual-level SES [7] , both measures [10] , or the interactions between the two measures [11, 12] to be associated with mortality. These mixed findings may be due, in part, to the variation across studies in racial/ethnic composition of the study population, as prior studies had limited racial/ethnic diversity, often including NL White and/or African American women only [7, 9, 10] . For example, in a population-based cohort of primarily NL White women from Wisconsin, no associations were observed for individual-level education and income; nSES (census tract-level education) was associated with overall and BC-specific mortality after adjustment for individual-level education and income, and established prognostic factors [9] .
Our finding that African American women have higher mortality in low SES neighborhoods regardless of their education warrants further investigation of specific neighborhood factors: these include social, built, and environmental attributes, and how residents within those neighborhoods use and are impacted by their neighborhoods. This line of research can better inform strategies to effectively reduce social inequalities in mortality after BC diagnosis.
While this study has several strengths, there are a few limitations. First, we only had one measure of individual SES, education. Second, we defined neighborhoods using administrative boundaries of census block groups (representing on average 1500 residents) which may not reflect how participants define their neighborhoods. However, this is the smallest level of geography for which rich SES data are available, and census block groups are more homogeneous and better represent neighborhoods where individuals reside and practice healthy behaviors, access services and receive health care than larger geographic areas (e.g., census tracts, zip codes, counties) [25] . Second, for heterogeneous racial/ethnic groups such as the Asian American and Latina groups, subgroup differences may confound or modify associations; unfortunately, our sample did not have sufficient statistical power to examine more refined subgroups. We did not have data on length of residency and whether women moved between date of diagnosis and death or censoring date, which may result in some misclassification of nSES. While we had clinical characteristics, we did not have data on BC subtypes beyond ER/PR status, however, this literature has predominantly shown that black-white disparities in BC persist even after accounting for subtype [38, 39] . Lastly, CCR data on treatment are limited to first course of treatment and may lack meaningful detail, yet, our recent work comparing Medicare claims to registry treatment data shows that registry treatment data are relatively complete and percentages of missing data are similar across racial/ ethnic groups [40, 41] .
In conclusion, our analysis demonstrates that associations between two different measures of SES-education and nSES-and mortality after BC diagnosis vary across racial/ethnic groups. In addition, we found that the intersectional approach offers insight to understanding inequalities by multiple social determinants of health, including the adverse outcomes experienced by NL White and African American women with discordant individualand neighborhood-level SES. Our results point to the need to understand the modifiable features of low SES neighborhoods such as higher crime, low walkability, poor food environment, low collective efficacy and low social cohesion that contribute to worse survival, especially for African American women who continue to have higher allcause and BC-specific mortality.
